® a * s # it /r (j p) ©ftftmmaM 
®^H!H^^i(A) &S60-255646 

®Int.Cl.« MISUSE ftVmm^ ©ttffl PS»60^(1985)12^17H 

C 03 C 13/04 6674- 4G 

G 02 B 6/10 7370-2H 



©4# « BS58- 115435 
@ffi IB PS58(1983)6 ^27B 

©IS 'SB * K * ' 56 *]KSI5fi,;ifcll2TS9Sl5^ *fBJ«SD:?Rtt^tt 
@£ 9B # * « B M JHRU^{tm&A<r>ft2TB6&l^ 
©til SB A tiOT««J3i«*Aa 3l^WHB*«>rt2TB6»l-* 

©a si a uttmmB#*g& joeawftort^viTHise* 
®« a a ti si 



if its * 

1. B 91 O « ft BX**7T4'<- 
12) 0 9 * Y i>\ 1 ? Y t 0 1 9 Y k 

^fefc&tfttWtfcOttBi&l 3t te * © c & ^ 
* 7 t -r x B 

v*&«fti**oftHfti9fette>;6£*ft7 

ft 7 T 4 * • 

(5) ft ft S 9 y K NtEX^&UffKIR 

(6) ft«*9*Kj*ift»felft©K-:7 p #fc£jfir 



a £3©&Jn*ft9r 

♦ BftttfiigftfeoaviEx** ? 7 <f -rc 

T -J ^©»*tt»ft|tB3t i K- 
^5^ioffl*^b^ii^(i ftjLtf.9 t# 

KMe.s$^&n^, ? ? * y tt&mmm 

K-rtCXTftftSft, 3T^RJB|ff*K- 
* !-**©&** Ktt««t5*U4. 

-RttK^fflOK-^i LtttGeO t , 
Pi 0, , 0, ft£OSJB*f£ftK4iftffl3 

ft X * 5 * LtttB,0,-, 
*ftfeft£©&£tfftttft*Kffl£ft-c»& 0 

* o 

J:Kft7T>f-<©€s3m*afctfc£T*Je>C> 

ft & „ 



-265- 



a = =j + b + c tf J 

^ : fc£#;©fcg 

4 ft. TV***, a/*« f±# S C # ^ * } K mm 

* + a 7 £ ft9-Cfe&#, tO««i5«T 3 
7 * o < b , ^ t, #c ± B b , c U) *i o T * * fc 
^^^^^ « tit J = 1. 3 Mm k;*, 

T a 2 5 dB/tm t * £ e 



1MM60-255G46(2) 

&T*©«$*I2^©£Jg0]rc X h'siE^*, 

tt 1 B v 1ft 2 RU S30Kt^t s 1 C & 
* © =* 7 , 2tt5X^O^y k T £.J? x t © 
5 t>Sft 1 & 2 El© 4> © fc x •t/i-fii^j' 

23* 24^111313^X^40 

K 2 1 ttJbK371 If? * K-7-ft©£iA#$ 

K-^he^^^«tjj, 3 k n su ? ? k 23 

^2®©S^^^t7T-f^<tC*-^r > -t©^ 
rtft/?? K22UEtPilD<, 371 M 



# K- f S h ft ho 

* , t©«^«fc=»71f±#5feK-rhS^^f> 

* J> * 1£ — M<D * 5 y K2tt^<D371 I b 

4**% _bKK:^wr®i®, & 2 (2 © ft & ^ 

7 V K2 1 % 22, & 3 B) © ? * K 2 *± =i 7 
1 iUil^T $-b x # $ & ft * K - 

bICWKMy K2 3, 24 tl!)Sewn©//7 

S IC * I 0 , »2BOrt«?^?y K21 ,22 s 

t *t jfe$ K-^hC35K:f&© K-/0Ht 
^5^4tt^i4, 



JbSe^^»^T©^5^^Jt7 7 4 ©i£ 
* f y 7 <\ yfvfx^ ? \s - T y y 

i/ s ? a, * — y £ j£ ^ , f € - K & j£ $1 © 

t <Z> * 7 7 4 g & 

tifgHTHMCVDfe, OVDffix VAD 

PCVDffi^^ #«©CVD£#£>frft, 
ft * „ 

I f -I V .-tt&ftfk*i*S < x * OH$^i 
SHt^4«^Ktto, 9S/im % 1. 2 4 //m, 
L 3 9 $im * £©&&£*,(>*£ 

ft * # , ±se^*K-7 r h5^©^^ttf&© 

K-7^Kt)fcNfi OH <b # & £ T £ b , c 
HO^^$^f5 V 0 ppmK-f Z> t t #t % h o 



-266- 



* 

/h 3 < * 4$ K 3 T 1 *p © ft £ # 0. 0 l * ffl tff $ 

k - r # -c t> b * ijt*!-?t±E37i 
KB* j: & 2 

0 © J*3 8M 7 7 K 2 1 % 2 2 > & 3 0 © 7 7 
4>-t>3/0ft$^7 7 K 2 1 \ 22, # - « © 

* Jt, &3®©#-«*7 7 K2ttt»itt 
|C»A©t4»*K-^ h © & tf' ft 7 7 4 
®KJ»SI3ft-i:**7> tft.©**Sft#&fi£ *a 
* > 3S10 % |20O*^tt < it B* & ?C B8 L T 
WIS© * ^mtoBL&XW&ft® * 9 V K23 x 



»«« 60-255646 (3) 

m it ffl 3fc K - 7' h O * 7 7 K2 4iijfc 

5 5> K 3 7 1 © E *C flHtfll * K — 7* h SIS 
©(6»^fk^|IL< 4 AMiit^i^, J: IE 

1 1 & ft ^ © -c . c<D&-cMSLm$zftfrtiLfrti 

h o 

^rrc*&^ft774^©j:i>&tttfj*iBJ$: 





ft? 74 *< 


ft774~ 


ft7 74'< 




(£10) 




(&3EI) 




50 


10 


50 


( * ) 


-0.10 


-0.2 0 


-0.10 


* 7 7 K & ( /tim ) 






125 


( * ) 






-1.10 


flSfl*77 K£( fxm ) 


115 


115 




( * ) 


-MO 


-0.5 0 




fl.gM77 K&(/ini) 


125 


125 




( * ) 


0 


-0.50 




$fl*< dB/tU) 


0.2 4 


0.2 3 


0.24 



^H^-fit^feia^Tc^ffew^Oi ft O T W £ o 

£ £ ^ © * 7 7 Kt5}'t)44t77,^/<|Ct^ 

& o 

4. Elffi©ffii#ftSftgS 

mi H - »■ 3 Htt *tt W# 7 7 4 - © & 

1 => 7 

2 ^ 7 7 K 

2 1 > 22 rtS5^77K 

2 3 > 24 ft gfl * 7 7 K 



f& 2 



® 3 0 




-267- 



*SBKG0-25r)64G(4) 



1 * * l Vf* 

PS ftj 6-9-* t+j] ^ g 



1. VftOjtiR ftEE 5.8 

2. ft9?<D«ft; C***7r-f/< 



- 1 1 5 4 3 



4-*ft 1 A TIM 

ft » *«ttf-«fflg**WlT§6#6* 

TEL (580) 6 S12-I 

« * C9043) #m± % m 
■ W « -t i^q 





-268- 



(19) Japanese Patent Office (JP) 

(12) PATENT DISCLOSURE BULLETIN (A) 

(11) Patent Application Disclosure: 60-255646 (1985) 

(43) Disclosure Date: December 17, 1985 

(51) IntCl. 4 Identification Symbol 

C03C 13/04 
G02B 6/10 
Patent Office Assigned Number 

6674-4G 
7370-2H 

Search Request: Made 
Number of Invention: 1 

(Total page: 4) 

(54) Subject of Invention 

Quartz System Optical Fiber 

(2 1 ) Patent Application: 58- 1 1 5435 (1 983) 

(22) Application Date: June 27, 1983 

(72) Inventor: K. Yoshida 

c/o Chiba Cable Manufacturing Plant 
Furukawa Electric Industry K K 

1 



6 Kaigandori, Yahata, Ichihara City, Chiba-ken 
(72) Inventor: H. Takahashi 

c/o Central Research Lab 
Furukawa Electric Industry K K 
9-15, 2-chome, Futaba, Shinakawa-ku Tokyo 
(72) Inventor: K. Okubo 

c/o Furukawa Electric Industry K K 
6-1, 2-chome, Marunouchi, Chiyoda-ku Tokyo 
(72) Inventor: N. Inekaki 

c/o Ibaraki Electric Communication Research Lab 
Nippon Telegraph and Telephone Public Corp. 
162 Oaza-Shrakata-Azahakune, Tokai-mura, 
Naka-gun, Ibaraki-ken 
(72) Inventor: ?.Nakahara 

c/o Ibaraki Electric Communication Research Lab 
Nippon Telegraph and Telephone Public Corp. 
162 Oaza-Shrakata-Azahakune, Tokai-mura, 
Naka-gun, Ibaraki-ken 
(71) Applicant: Furukawa Electric Industry K K 



6-1, 2-Chome 5 Marunouchi, Chiyoda-ku 5 Tokyo 
(71) Applicant Nippon Telegraph and Telephone Public Corp. 

1-6, 1 -Chome, Uchisaiwai-cho, Chiyoda-ku, Tokyo 
(74) Agent: Attorney Y. Saito 



Typed DETAILED DESCRIPTION (No change in content) 

An amendment was made on June 28, 1985 on Patent Application: 58-1 15435 (1983) 
by the patent applicants and a typed DETAILED DESCRIPTION was submitted. 

DETAILED DESCRIPTION 

1. Subject of Invention 

Quartz system optical fiber 

2. Scope of the Patent Claim 

(1) A quartz system optical fiber as follows: In the optical fiber composed of a quartz 
system core and a quartz system clad, the aforementioned core contains fluorine. 

(2) In the quartz system optical fiber described in Claim Item (1), Scope of the Patent 
Claim, the clad is composed of an inside clad and an outside clad. 

(3) In the quartz system optical fiber described in Claim Item (1), Scope of the Patent 
Claim, the clad contains more fluorine than the core. 

(4) In the quartz system optical fiber described in Claim Item (2), Scope of the Patent 
Claim, the inside clad contains more fluorine than the core. 

(5) In the quartz system optical fiber described in Claim Item (2), Scope of the Patent 
Claim, the outside clad is composed of a high purity quartz. 

(6) In the quartz system optical fiber described in Claim Item (2), Scope of the Patent 
Claim, the outside clad contains doping material(s) other than fluorine. 

3. Detailed Explanation of the Invention 

The present invention is related to a quartz system optical fiber that is low in 
transmission loss. 
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In the case of quartz system optical fibers, there are many combinations between the 
high purity quartz (Translator's note: quartz in Japanese covers fused silica) and the 
doped quartz. For instance, when the core i s composed of a high purity quartz, the clad is 
constructed by a low(er) refractive index doped quartz; the core is composed of a high 
refractive index doped quartz, the clad is constructed by a high purity quartz. 

And, when both the core and the clad are composed of doped quartz, the doping 
materials are selected to provide a relative index difference to the aforementioned two 
(core and clad). 

In general, as the doping material for the core, Ge0 2 , P2O5, A1 2 0 3 , etc. high refractive 
index materials are being employed; and as the doping material for the clad, B 2 0 3 , 
fluorides, etc. low refractive index materials are being employed. 

Of course, doping materials other than those described above can be suitably applied. 

The transmission loss a of the aforementioned optical fiber can be obtained from the 
equation below: 

a = aA, 4 + b +c(X) 

a: Rayleigh scattering coefficient 

b: loss caused by structural imperfection 

c(k): absorption loss which depends on wavelength X (for example, the absorption 
loss by OH group) 

X: the wavelength of the transmitting light. 

In the above description, it is assumed that b and c(X) can be made to 0. However, 
aA 4 is a value intrinsic to the material (glass); thus it cannot be made to 0. 
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In the case of high purity quartz, the value of a is smallest: a= 0.7. However, when 
this high purity quartz is used to make the core and eve if the aforementioned b and c(X) 
are made to be 0, the transmission loss a would become 0.25 dB/km at X = 1.3 p,m. 

Therefore, in the conventional quartz system optical fibers using a high refractive 
index doped quartz as the core, the value of the Rayleigh scattering coefficient would 
become larger than that of the high purity quartz; and even if the core is made of a high 
purity quartz, the transmission loss based on Rayleigh scattering would occur not in a 
small amount. 

The present invention is undertaken in view of the aforementioned problematic 
points to provide a low loss quartz system optical fiber which is even lower in loss than 
that of the optical fiber whose core is composed of a high purity quartz. Its construction 
is illustrated below by the implementation examples shown in the figures. 

In Fig 1, Fig 2 and Fig 3, 1 is the core of the quartz system, and 2 is the clad of 
the quartz system. Among them, those shown in Fig 1 and Fig 2 are that the respective 
clad 2 is constructed by the inside clad 21, 22 (Translator's note: in Fig 2 given at the end 
of the Japanese text, 22 is misprinted as 21) and the outside clad 23, 24. 

In the quartz system optical fiber of Fig 1, the core 1 is composed of fluorine 
doped quartz; the inside clad 21 is composed of fluorine doped quartz which is higher in 
the doped mount than that of the aforementioned core 1 . Further, the outside clad 23 is 
composed of a high purity quartz containing no dopant. 

In the quartz system optical fiber of Fig 2, the core 1 is composed of fluorine 
doped quartz similarly to the above described; the inside clad 22 is, also similarly to the 
aforementioned, composed of fluorine doped quartz which is higher in the doped mount 



than that of the core 1. Further, the outside clad 24 is composed of a quartz doped with 
boron oxide (B 2 0 3 ). The quartz system fiber of Fig 3 is different from those described 
above. The clad 2 is constructed by a single layer; however, In this case, the core 1 is 
also composed of fluorine doped quartz and the single layer clad 2 is composed of 
fluorine doped quartz which is higher in the doped mount than that of the core 1 . 

Furthermore, in the above described, as long as the inside clad 21, 22 and the clad 
2 of Fig 3 are constructed to be lower in refractive index than that of the core 1, they can 
be constructed by other doped quartz materials in addition to those using fluorine as 
dopant. Further, the outside clad 23, 24 can be constructed by other glass compositions 
in addition to the above described. 

And, in the above described, in the case where the core 1 contains fluorine and 
further the inside clad 21, 22 of Fig 1, Fig2 and the clad 2 of Fig 3 contain fluorine, other 
doping materials (dopants) can be contained into these fluorine doped quartz materials. 

In this case, the doping material other than fluorine can be optionally selected 
based on the easiness in manufacturing of the optical fiber, refractive index adjustment. 

The transmission mode of the quartz system optical fibers in the aforementioned 
implementation examples can be either the step-index or graded index; further it can be 
either the single mode transmission type or the multi-mode transmission type. As a 
means of manufacturing these optical fiber preform, the MCVD method, OVD method, 
VAD method, PCVD method, etc., various CVD methods can be listed. 

The various quartz optical fibers shown as examples above are that the core 1 is 
composed of fluorine doped quartz. 
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This fluorine doped quartz is smaller in Rayleigh scattering coefficient than the 
high purity quartz or the quartz doped with GeC>2 ? P2O5, AhCh, etc. And, in the case 
where residual OH group is present, absorption loss centered at 0.95 pm, 1 .24 |im, 1 .39 
jim, etc. wavelengths would appear. However, in the case of the aforementioned fluorine 
doped quartz, it is easier to lower the OH group, compared to other doped quartz. The 
content of the OH can be made roughly to 0 ppm. 

Therefore, in the case of the aforementioned quartz system optical fibers 
possessing the core 1 made of fluorine doped quartz, the transmission loss is smaller. 
Especially, when the fluorine in the core 1 is doped to lower the refractive index 
difference by 0.01%, the lowering of the OH would become more striking; this would 
improve the transmission performance. 

Further, fluorine is a doping material which would lower the refractive index of 
quartz. Therefore, the aforementioned core 1 would become lower refractive index than 
a high purity quartz. However, since the inside clad 21, 22 of Fig 1, Fig 2 and the clad 2 
of Fig 3 are each set to contain more fluorine than the core 1, it is lower in refractive 
index than the core 1 . 

Of course, even in the case where the inside clad 21, 22, the single layer clad 2 
contain doping materials (dopants) other than fluorine, they are set to be lower in 
refractive index than the core 1 . 

And in the single layer clad 2 of Fig 3, the fluorine doped quartz which is 
problematic in acid resistance is exposed to the optical fiber surface. Thus a 
countermeasure would become necessary. In the cases of Fig 1, Fig 2, since the outside 
clad 23 made of high purity quartz and the outside clad 24 made of boron oxide doped 
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quartz (either clad has no problem in regard to its acid durability) are present on the 
optical fiber surface, they are more desirable than the optical fiber shown in Fig 3. 

Further, it is known that if the boron oxide doped quartz is in direct contact to the 
outer circumference of the core 1, generally, it would be more difficult to make the loss 
lower at long wavelength region. In each of the quartz system optical fibers shown by 
the aforementioned implementation examples, this situation is not present. In connection 
to this point, the lowering in loss can also be achieved. 

Next, more concrete examples of the optical fibers of the present invention are 
illustrated by referring to the table below. 

Optical Fiber Optical Fiber Optical Fiber 





(Fig 1) 


(Fig 2) 


(Fig 3) 


Core Diameter (um) 


50 


10 


50 


An (%) 


-0.10 


-0.20 


-0.10 


Clad Diameter (\im) 






125 


An (%) 






-1.10 


Inside Clad Diameter (um) 


115 


115 




An (%) 


-1.10 


-0.50 




Outside Clad Diameter (um) 


125 


125 




An(%) 


0 


-0.50 




Loss (dB/Km) 


0.24 


0.23 


0.24 



Furthermore, the An (refractive index difference) in the table is the value against 
high purity quartz. The loss is the value at wavelength 1 .30 (am. 

It is clear from the aforementioned examples, each of the quartz system optical 
fiber becomes a low transmission kind. 

As illustrated above, the present invention is that in the optical fiber composed of 
a quart system core and a quartz system clad, characteristically, the aforementioned core 
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contains fluorine. Because of this, the lowering of the loss of the optical fiber can be 
achieved to make it possible to provide optical fibers which are high in transmission 
performance. 

4. Brief Explanation of Figures 

Fig 1 through Fig 3 are the cross sections showing various implementation examples 
of the optical fibers of the present invention. 

l....core 

2... .clad 

21, 22.. ..inside clad 
23, 24... .outside clad 

Patent Applicant 

Agent, Attorney: M. Ito 
Figl 




Fig 2 (Translator's note: 21 is misprint; it should be 22) 




Fig 3 



